Although an increasing number of studies have focused on problematic smartphone use and smartphone addiction, few of these studies have employed both quantitative and qualitative methods or employed a cross-cultural design. A limited number of studies have compared eastern and western groups. The present study investigates the prevalence and causes of problematic smartphone use among Chinese and British undergraduates. A sample of n = 778 undergraduates participated in this study (475 Chinese students and 303 British students). Students' scores on a self-report measure of problematic smartphone use were compared across country and gender. Qualitative data were analyzed using the framework approach. Chinese undergraduates reported significantly higher levels of PSU than British undergraduates, with a medium to large effect size. Females scored significantly higher than males in both groups. Chinese students reported that the sharp transition from a strictly managed high school life to a freer university life affected their level of smartphone use. This study indicates the importance of considering cultural and educational backgrounds when conducting studies on problematic smartphone use.
and Downes 2003; Walsh et al. 2008 ). They provide highly convenient functions for daily social interaction and information searching but may also threaten individuals' privacy and their personal and financial safety (Aoki and Downes 2003) . However, as discussed by Billieux (2012) , in a minority of cases, problematic mobile phone use can also have harmful consequences. Studies across a range of countries have identified that problematic, excessive or addictive mobile phone (or smartphone) use can have negative psychological consequences such as anxiety and/or low psychological wellbeing (Bianchi and Phillips 2005; Billieux et al. 2015a; Ha et al. 2008; Hussain et al. 2017; Lepp et al. 2014; Leung 2008 ). It appears that the more negative side of smartphone use could be a global problem and more studies are needed to understand when, where, and how access to smartphones may be harmful.
Ever since the terms 'technological addiction' (Griffiths 1995) and 'internet addiction' (Griffiths 1996; Young 1998a, b) were proposed, many studies in the 2000s began to label problematic or dysfunctional smartphone use as an addiction (Kuss et al. 2014) . Several theoretical frameworks focused on internet use have been proposed, including the cognitivebehavioral model of pathological internet use by Davis (2001) and a model of generalized internet addiction by Brand et al. (2014) . However, the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American Psychiatric Association 2013) does not contain any criteria for smartphone or internet addiction. Only Internet Gaming Disorder was included. Billieux et al. (2015b) express doubts about problematic mobile phone use being a behavioral addiction, while Griffiths (2005 Griffiths ( , 2017 argues that any behavior can be addictive if six key components of addiction are present (i.e., salience, conflict, tolerance, relapse, mood modification, and withdrawal symptoms). However, irrespective of whether such behavior should be classed as an 'addiction', as Bianchi and Phillips (2005) argued mobile phone use can be problematic and it is important to investigate problematic behavior regardless of labels. In the present study, the term 'problematic smartphone use' (PSU) is used given the ongoing debate concerning smartphone/mobile phone addiction. The term smartphone refers to mobile phones with Wi-Fi enabled functions and applications and flexible access to the Internet.
It appears that cultural contexts may affect, or be related to, patterns of smartphone use. Using the Smartphone Addiction Scale-Short Version (SAS-SV; Kwon et al. 2013) , studies in diverse contexts reported different proportions of addicted smartphone users. The reported prevalence rates include Chinese students (62.3% females, 64.9% males; Lachmann et al. 2018) ; Korean students (52% females, 42% males; Kee et al. 2016) ; students from the UK comprising a mix of cultural and ethnic backgrounds but primarily British (32.3% females, 29% males; Chotpitayasunondh and Douglas 2016); Belgian adults (22% females, 20% males; Lopez-Fernandez 2017); Spanish adults (10.2% females, 15.2% males; Lopez-Fernandez 2017); African American students (11.23%; Lee 2015); and German students (8.7% females, 6.2% males; Lachmann et al. 2018) . It is notable that based on these reported studies, the prevalence of problematic smartphone use is highest among Asian samples. A recent crosscultural study conducted in Europe did not found a significant difference in PSU between Belgian and Finnish samples (Lopez-Fernandez et al. 2018) .
China has been the world's largest smartphone market since 2012, and the number of mobile phone users is predicted to be 1.1 billion by 2019 with 63% of those being smartphone users (Statista 2018b) . Chinese undergraduates have reported higher levels of problematic smartphone use than other Asian samples with similar cultural backgrounds (Long et al. 2016) . Also, several recent Chinese studies have found college students' smartphone use to be associated with low psychological wellbeing, anxiety and loneliness (Bian and Leung 2015; Huang et al. 2013; Long et al. 2016) . The situation appears to be similar in the UK.
Smartphone ownership among British young people aged between 16 and 24 years was 96% in 2017, compared to 66% in 2012 (Statista 2018c) . In a European cross-cultural study with 2775 young adults aged between 18 and 29 years, British young adults showed high levels of self-reported mobile phone dependence, ranking in second place, behind Belgium, among participants from nine European countries . In another study, PSU was found to be associated with anxiety and low emotional stability among 640 participants in two British universities of whom the majority of participants (86%) were British (Hussain et al. 2017 ).
More recently, Lachmann et al. (2018) reported that Chinese students scored higher on the SAS-SV than German students. However, the reason for this disparity remains unclear. The research so far suggests that problematic smartphone use is a particular problem in Chinese students, among eastern nations. There are also some signs that it may be more of a problem for British students than for students in other western nations, although this is less clear. It is not known why the prevalence of PSU is higher in these samples and no existing study has ever compared Chinese and British undergraduate students' PSU. It remains unclear whether different cultural backgrounds or educational contexts (e.g., schooling) makes a difference to students' self-control when using their smartphones. It also remains unclear whether the patterns, motivators, and impacts of PSU differ by cultural background. For instance, do Chinese and British people use their phones in the same way and for the same reasons? Moreover, to our knowledge, no study has investigated the prevalence, causes or solutions for PSU among university students across China and UK. Consequently, there is a good rationale to explore whether Chinese and British undergraduates perceive their smartphone use similarly or differently.
Most studies of PSU and mobile phone addiction use questionnaires to collect quantitative data, while only a limited number of qualitative studies have been conducted. To the present authors' knowledge, no existing study has ever explored and compared PSU using individuals from eastern/Asian and western/European countries, and collected both quantitative and qualitative data. Therefore, the present study explores whether there is a difference in selfreported PSU between Chinese and British undergraduates using a quantitative method and to gain some insight into what may underpin any observed differences via a qualitative method.
Methods

Participants
In the present study, there was a total of 778 participants (475 Chinese and 303 British undergraduates). Participants from China (266 males and 209 females) were Chinese undergraduates who were born and raised in mainland China. They were studying in a university in South China and represented those studying English, Computer Science, Management, Business, and Media. The average age was 19.8 years (SD = 1.11). Sixteen of these Chinese students volunteered to participate in follow-up interviews. The 303 British undergraduates (245 females, 57 males and 1 non-binary participant) were born and raised in the UK. All of the British participants were students at a university in northern England and represented a broad range of areas studying including Archeology, Economics, Education, Electronic Engineering, Health Science, Music, Philosophy, Psychology and Sociology. The average age of participants was 20.14 years (SD = 3.23) ranging from 18 to 50 years (with six participants aged over 30 years).
Measures
PSU was assessed using the Smartphone Addiction Scale-Short Version (SAS-SV; Kwon et al. 2013) . The SAS-SV comprises 10 items and participants respond to them using a 6-point Likert scale ranging from 'strongly disagree' (1) to 'strongly agree' (6). The Cronbach's alpha was 0.91 in the original validation study (Kwon et al. 2013) . In the present study, it was 0.82 (Chinese = 0.80 and British = 0.83). A sample item is 'My smartphone is on my mind even when I am not using it'. Cut-off points for 'smartphone addiction' were provided by the developers: 33 points for females and 31 points for males (out of 60). For the Chinese students, the SAS-SV was translated into Chinese and 'Twitter and Facebook' were replaced by 'WeChat or other social media'.
For the Chinese students, an interview schedule was designed including six main questions: 
Procedure
The present study was designed as a cross-cultural mixed methods study which is helpful in reducing the limitations of both quantitative and qualitative data collection (Creswell and Plano Clark 2017; McMillan 2012) . A qualitative design was included in the present study to help to acquire first-hand explanations of the SAS-SV scores and correlates of PSU. Both paper and online questionnaires were used to recruit as many participants as possible. The survey was printed on folded A3 sheets for offline distribution. In both China and the UK, the surveys were distributed around the university campus and during breaks in lectures, where staff permission had been given. As part of the paper-based data-collection process the first author introduced the study to potential participants before distributing the paper surveys. The students read the informed consent sheet before deciding whether to participate.
At the end of the Chinese questionnaires, participants were asked to give their contact number if they would like to be interviewed and 16 Chinese students agreed to take part in semi-structured interviews. Interviews were conducted in Mandarin and were recorded with participants' permission. In order to generate qualitative data that might shed light on or explain participants' survey responses, five open, free-response, items were added for the British students (see above for details).
Data Analysis
The total scores for the SAS-SV in the Chinese and British samples were calculated and compared. The percentages of 'addicted' users (using the thresholds described by the instrument developers) were compared between the two groups. Independent samples t-tests were used to test for gender differences and for differences in SAS-SV scores between the two groups. The framework analytic approach (Ritchie and Spencer 1994) was used for qualitative data analysis. It is a widely used approach for qualitative data analysis (Gale et al. 2013 ). This approach includes five stages: (1) familiarization, (2) identifying a thematic framework, (3) indexing, (4) charting, (5) mapping and interpretation (Ritchie and Spencer 1994) . Data are reduced and organized into a table in which rows represent cases and columns represent themes. As a systematic method, the framework approach can be used deductively, inductively or in a combined way (Gale et al. 2013 ). For the Chinese students' interviews, transcriptions were directly coded in Chinese in order to avoid information loss in the process of translation. Coding for the Chinese interview transcripts and British students' narrative responses was conducted in NVivo version 11. Deductive coding was carried out according to the research aims. Therefore, the codes were categorized as follows: the levels of PSU; the antecedents and consequences of PSU. Meanwhile, inductive coding was conducted to find out whether there are other predictors, consequences or any other factors related to PSU. Table 1 shows descriptive statistics for the SAS-SV scores of both Chinese and British students. The observed ranges indicate that the responses were sufficiently well distributed. Skewness and Kurtosis values show that all data were normally distributed. Cronbach's alpha values indicate that the SAS-SV obtained excellent reliabilities among both groups. The medians of corrected item-total correlations also suggested good internal consistency with all values above .49.
Results
Quantitative Findings
Independent samples t tests showed that there were significant gender differences for both Chinese and British undergraduates. As shown in Table 2 , females reported significantly higher scores on the SAS-SV than males (Chinese: t(473) = 3.07, p < .01; British: t(300) = 2.80, p < .01). The effect size of gender difference was larger in the British sample (d = − .41) than the Chinese sample (d = − .28), though both the effect sizes are small according to the criteria in Cohen (1988) . Table 3 shows a comparison of the percentage of participants who Note. M R = Median of corrected item-total correlations scored above the threshold of 'smartphone addiction' set out in the SAS-SV. Both females and males in the British sample showed lower levels of 'smartphone addiction' than Chinese students (see Table 2 ). British students reported less problematic smartphone use. They scored significantly lower in the SAS-SV than the Chinese sample with a large effect size (t[583.86] = 7.89, p < .001, d = − .60). This is in accordance with the lower percentages of 'addicted' smartphone users observed in the British sample (40-43%) compared with 72-73% in the Chinese sample.
Qualitative Findings
Similar Patterns of PSU
Chinese and British undergraduates reported similar patterns of PSU as described in the model of problematic mobile phone use in Billieux et al. (2015a) : concerning the addictive pattern, antisocial pattern and risky pattern. Evidence for all three patterns of use was confirmed. In terms of the addictive pattern, participants explicitly used words such as 'addiction' or 'addictive', and reported frequent checking of their phones or using smartphones late at night.
I saw some classmates playing games during the whole class…Their gaming [via smartphone] is a kind of addiction (Chinese female, 20, SAS-SV score: 27). Nowadays many people have a kind of psychological addiction. It's just like smoking addiction. They might feel someone was contacting them when they don't have a smartphone at hand (Chinese male, 20, SAS-SV score: 33). It is addictive and hard to tune out, and often sleep [because your] head is filled with phone stuff (British female, 19, SAS-SV score: 44). People can get addicted to the instant-gratification kick that smartphones offer. Perpetually checking social media and various websites, scrolling non-stop... Smartphones are second-to-none when it comes to wasting time (British female, 22, SAS-SV score: 23) Note. **p < 0.01 A number of British participants reported that they rarely used their smartphones during lectures. However, as was also true in China, their words were not consistent with their selfperceived PSU. A few of them reported behavior that was inconsistent with their SAS-SV scores. For example:
I don't think I use my smartphone too much. I use it less than the others around me (Chinese male, 20, SAS-SV score: 33). I do not tend to use my phone in class because my attention is held a lot more in these situations -it is when I have to rely on my self-discipline that the problems occur (British male, 18, SAS-SV score: 49).
One British participant specified Chinese students in particular as heavy users, according to her own observation.
People spend a lot of time on social media during times when they should be paying attention -particularly Chinese students (British female, 19, SAS-SV score: 26).
The study also explored what students in both samples perceived as the precursors to, and consequences of, problematic smartphone use and similarities were observed here too.
Similar Antecedents for PSU
British undergraduates reported similar antecedents for PSU as Chinese students including internal reasons (e.g., fear of missing out on something, need for reassurance, poor selfregulation) and external reasons (e.g., boring lecture, peer effect).
There are some reasons of myself. I'm not that kind of person who can sit in the classroom and concentrate on the teacher all the time. Sometimes I distract from the class and take out my smartphone for leisure (Chinese male, 18, SAS-SV score: 39) My self-control is poor. I used my smartphone for leisure when the class was so boring that I couldn't focus on it any longer…I think the reason is me myself. I didn't understand the course so I couldn't control myself and stop myself from using my smartphone (Chinese female, 
Similar Impacts
As reported by one British participant, checking smartphones is not always problematic and it depends on the impact of the behavior.
Some of my peers will be constantly on their phone, trying to hide it from the lecturer. Others will put their phone in their bag and not touch it throughout the entire lecture, though this might be rare among my age group. I think it would be unusual now for a student to go more than one or two hours without at least checking their phone for the time or notifications. Even one of my lecturers always uses his phone to check the time. I don't have a problem with this as long as it does not distract from the task at hand (British female, 21, SAS-SV score: 27).
Chinese and British students reported both positive and negative impacts of smartphones, including positives such as convenience, help with study and reassurance. I spend too much time on social media (comment sections are toxic but addictive), and I sometimes spend too much time on smartphone games. This causes some issues as I end up putting off work or chores I planned to get on with (British female, 20, SAS-SV score: 35).
Similar Perceptions
Both Chinese and British students reported a perception that they needed to change their ways of smartphone use by reducing the amount of time they spend on them. Those who showed their awareness of their overuse of smartphones tended to be low scoring on the SAS-SV.
As a university student, I need to read more books and use smartphone less (Chinese female, 18, SAS-SV score: 42). I don't even use it that much. But I still think, if I used the time that I spent flicking through the news (or even Buzzfeed, god forbid) to read a book, then that would have been time well spent (British female, 22, SAS-SV score: 23). Not necessarily problems in my life but I mean, when asking the question what could I have done better, there is always at least something I could have done rather than be on a phone (British male, 20, SAS-SV score: 20)
Differences
There were also several differences observed in the qualitative responses from the Chinese and British samples. First, the Chinese sample reported using more types of functions and more specific smartphone applications than British students did. Chinese students mentioned not only social media and information searching tools, but also applications for mobile payment, sports and exercise, shared bikes, leisure reading, word memorizing tools, online courses, offclass tests, and university required applications. The majority of the British students reported the same functions including social media (Facebook, Instagram, Snapchat) and information searching. It appears from these data that the Chinese students used their smartphones for more things, possibly explaining their higher level of usage to some extent. The Chinese students mentioned threats to privacy while British students did not mention this as a problem. This may also indicate that the Chinese students perceived themselves as living in a more complex context relying on a more diverse range of smartphone functions. Second, British students did not mention the effect of transition from high school to university. Where Chinese students complained about their highly restricted use of smartphones in high school, British students did not mention any changes between high school and university life. The sharp contrast between high school and university lifestyle in relation to use of smartphones appears only applicable to the Chinese students. This appears to be a key difference between the two groups.
My high school has very strict discipline. After enrolling in university, I suddenly found that nobody is controlling us anymore. We were frequently told by high school teachers that we would be free and relaxed once we go to the university…In high school, I didn't have my own smartphone, I used my parents' phones for fun on weekends (Chinese male, 19, SAS-SV score: 32)
In high school, I never used my smartphone during class or in individual learning periods. But in university, it's different. We didn't have much time in high school. We needed to take part in many extracurricular activities. Academic pressure is not that high in university (Chinese female, 20, SAS-SV score: 34) One British student reported that smartphones are not the only distractor since they may turn to the other devices such as laptops during lectures for irrelevant use. It is important to note that smartphones are not the only devices that can distract students from their tasks. When students cannot control themselves well, they may lose concentration and use smartphones, laptops or other devices for distraction.
In class I see a lot of people using laptops to check social media -this then looks to the teachers like they are taking notes. However, this seems to be a way of accessing smartphone features/apps through another device -if it were allowed/not considered rude to be on smartphones in class these would probably be used instead. In terms of daily lives, I rarely seem to see people glued to their phone when they are in social groups, but when they are alone in a public setting people (perhaps under the age of 40) will be on their smartphone (British female, 21, SAS-SV score: 30).
Discussion
Compared with Chinese undergraduates, British undergraduates reported lower levels of PSU. However, the rates were still relatively high compared to other countries, as shown in Table 4 . Females' smartphone use tended to be more problematic than males in both China and the UK. The qualitative data indicated that British students had similar views of the patterns, antecedents, and impacts of PSU as their Chinese counterparts. However, Chinese students appeared to experience a different context in which they perceived smartphones to have more wideranging functions and reported accessing more applications than the British students. The sharp contrast between high school and university life appeared to be another specific problem for Chinese students, which was not mentioned at all by the British students. Note. Cut-off points were changed to 35 for the African American sample by Lee (2015) , and 32 for Belgian and Spanish samples in Lopez-Fernandez (2017) . The Korean sample is from Kee et al. (2016) , German sample is from Lachmann et al. (2018) , and the multinational sample (mainly British) is from Chotpitayasunondh and Douglas (2016) This study has several empirical and methodological implications. First, it is important to consider cultural backgrounds and educational experience when investigating PSU. Second, the reliability of the thresholds for PSU or smartphone addiction in self-reported scales requires more discussion and investigation. Furthermore, it appears that PSU could be considered as both generalized PSU and specific PSU.
In line with a cross-cultural study of Chinese and German students (Lachmann et al. 2018 ), the present study found Chinese undergraduates reported higher levels of PSU than British students. It appears there is a cultural difference regarding PSU between Chinese and European samples. As shown in Table 4 , the Chinese and British samples in this study both showed high levels of smartphone addiction using the thresholds provided by the developers of the SAS-SV, but Chinese scores were significantly higher. The Chinese sample studied by Lachmann et al. (2018) also scored higher than samples from other countries. This situation might be explained by Chinese students' difficulties with the sharp transition from highly stressful and externally regulated high school life to a much more relaxed and free university life, a situation that was only reported by the Chinese students in the present study. It indicates that cultural backgrounds and previous educational experiences might be influential factors to consider when studying college students' use of technology (including smartphones).
Cultural differences also appear to exist between Eastern and Western countries since both Chinese and Korean samples scored higher than non-Asian samples in previous studies (Kee et al. 2016; Lachmann et al. 2018; Lee 2015; Lopez-Fernandez 2017) . The British sample in the current study-similar to the multicultural sample (mainly British) in the study by Chotpitayasunondh and Douglas (2016)-scored higher rates of PSU than other samples from Europe and America. This again appears to indicate the importance of cultural difference.
The very high levels of PSU in Chinese students, and the relatively high levels in British students, are potentially one of concern. However, it should also be noted that the SAS-SV has arguably low cut-off points (31 and 33 out of 60) at around the mid-point of the scale. It may be that scores around the mid-point of the scale do not discriminate excessive and preoccupied smartphone users from those 'addicted'. Evidence from the present study appears to support this because for several participants, in both the Chinese and British samples, qualitative accounts of smartphone use were not well aligned with their scores for the SAS-SV. It is important to discuss the reliability and validity of self-reported scales for smartphone addiction and PSU such as the SAS-SV. Another factor to consider is that there may be a cultural difference in how smartphone use is perceived in eastern and western cultures. Griffiths et al. (2016) reported that parents in South-East Asian cultures tend to pathologize any activity that takes away time from education and the family. Therefore, any smartphone use may be viewed as potentially problematic in countries such as China, even if the usage is 'normal'.
It appears possible to classify PSU as generalized PSU and specific PSU, similar to the classification of generalized and specific pathological Internet Use (Davis 2001) or Internet addiction (Brand et al. (2014) . Both British and Chinese participants mentioned the problematic use of specific functions of smartphone (e.g., Facebook), and generalized antisocial use at gatherings or parties. In some cases, PSU can reflect other factors including social anxiety and poor self-regulation. Meanwhile, for some students, the specific functions or applications found on smartphones appear to underlie PSU. As mentioned by one British participant, as well as smartphones, students can be distracted by the other devices with similar functions, such as laptops. As reported by both the Chinese and British students, some smartphone functions can be beneficial to their life and study. It indicates the importance of considering the specific functions/usage of smartphones when designing the scales for PSU and smartphone addiction. A recent validated Smartphone Application-Based Addiction Scale (SABAS; Csibi et al. 2018 ) based on the six key components of addiction (Griffiths 2005 (Griffiths , 2017 might be a good example of developing functional specific scales for PSU or smartphone addiction.
One limitation of the research presented here might be the different methods of qualitative data collection from the Chinese and British students, although interesting similarities and differences were identified. As the scores on the scale used to assess PSU and the words of the participants were not always consistent, it appears that the participants may have given socially desirable answers and/or the scale's cut-off in assessing PSU was too low. Another limitation that all the data were self-report and this form of data collection suffers from well-known biases that could have affected the findings (e.g., selection biases, memory recall biases, social desirability biases, etc.). In addition, the sample size that lacks representativeness could be a limitation.
For future studies on this topic, cross-cultural research appears to be an important line of enquiry given that the study identified significant cultural differences between Chinese and British university students, and supported findings from extant research. More mixed methods and longitudinal studies are needed, especially using and comparing both Eastern and Western samples. Furthermore, the development of functional-specific scales with greater validity will be important new direction for scale development for the field of smartphone addiction and PSU. Finally, a significant gender difference in PSU was noted in the present study but the qualitative data did not shed any light on the causes of this. It may be that given there is an association between smartphone addiction and social media addiction , and that females tend to be more sociable than males, it may be that females use smartphones more than males for its social benefits and easy access to social media. Also, largescale studies have demonstrated that females tend to spend more time and are more addicted to social media than males whereas males spend more time gaming and are more addicted to gaming than females (e.g., Andreassen et al. 2016) . Given that smartphones are not a good medium for playing massively multiplayer games (Lopez-Fernandez et al. 2018) , males are more likely to spending excessive amounts of times on laptops and personal computers pursuing their favorite leisure activities than females. This also represents another good line of inquiry for future research.
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